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Size and Dispersal of Pollen Grains in Anemophilous Angiosperms 
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(Recieved on January 13, 1998) 


Pollen grain size of 200 anemophilous angiosperms was analyzed to clarify its 
ecological significance in pollination syndromes. They are summarized as three types: 
explosive type, strong-wind type and long-filament type. Flowers with the explosive 
type correspond to the group of the smallest pollen size. They grow in moderately 
windy environment like gaps in woods. Their pollen grains can float much longer in 
the air after discharge from anthers to reach to stigmas. Flowers with the strong-wind 
type are equivalent to the group of medium pollen size. They, including many woody 
and weedy species occurring in wastelands, are able to make better use of stronger wind 
than the explosive type flowers for pollen dispersal. Flowers with the long-filament 
type correspond to the group of the largest pollen size. Many of them, belonging to 
Gramineae and Cyperaceae, make simple communities, and pollen grains can reach 
stigmas after short flight. 

Key words: Anemophily, pollen grain size, pollination, wind environment 
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Table 1. Longitudinal diameters of anemophilous angiosperm pollen grains (after Ikuse 1956) 


Explosive type 


Plant name 

Japanese name 

Diameter 

(pm) 

fill 

Plant name 

Japanese name 

Diameter 

(pm) 

ft® 

Ulmaceae — >44 



Debregeasia edulis 

7 7 ' 

16.0 

Celtis sinensis var. japonica 

t-7 4" 

25.7 

Nanocnide japonica 

7 7 7 7 7 

11.0 

Moraceae 7 7^4 



Laportea macrostachya 

5 7 v 4 7 77 

13.0 

Fatoua villosa 

7777 

11.5 

L. bulbifea 

A 7 74 7 7 7 

14.5 

Morus bombycis 


20.0 

Urtica thunbergiana 

4 7 7 7 

16.5 

Broussonetia papyrifera 

7 V 7 4 

13.7 

U. platyphylla 

x'/4 7 77 

17.0 

B. kazinoki 

L 7 7 7 '/ 

15.2 

U. angustifolia 

7 72 s ?4 7 77 

19.5 

B. kazinoki X B. papyrifera 

a 7 7" 

14.2 

Boehmeria niponoivea 

7 7 A > 

12.7 

Urticaceae 4 7 7 744 



B. spicata 

77 7 7 

12.5 

Elatostema umbellatum 

£ 7 7 7 A ^ 7 7 

12.0 

B. teicuspis 

77 7 

14.5 

E. umbellatum var. majus 

7 7 ^ 7 7 

12.2 

B. teicuspis var. unicuspis 

7 7 x? 7 7 7 

14.5 

E. laetevirens 

h n 'J 

12.7 

Gonostegia hirta 

7 7v7 

16.7 

Pilea mongolica 

74 ^ X 

16.7 

Euphorbiaseae h 7 7 7 7 774 


Villebrunea frutescens 

4 7 7" 4 

16.2 

Acalypha australis 

2 x 7 7 7"7 

12.2 

V. pedunculata 

/5 K7 7- 

20.7 





Strong-wind type 


Plant name 

m 

Japanese name 

Diameter 

(pm) 

fill 

Plant name 

Japanese name 

Diameter 

(pm) 

mi 

Juncaceae 4 7" 744 



C. sieblrdiana 

7 7 2^725'^ 

24.7 

Luzula capitata 

7 X 7 7 7 V 

43.0 

Ostrya japonica 

7 7 7" 

24.0 



(tetrad) 

Carpinus tschonoskii 

4 7 >T 

25.5 

L. multiflora 

777X77 Lx 

42.5 

C. laxiflora 

77yf 

26.5 



(tetrad) 

C. cordata 

47 '>25' 

22.5 

Casuarinaceae 4r 7 V 7 7 f4 


C. japonica 

7 7 77' 

25.5 

Casuarina equistifolia 

f 772AL7V47 

28.0 

Alnus hirsuta var. sibirica 

77/s y 7 7 

24.7 

Salicaceae 7 7 744 



A. serrulatoides 

77 72N777 

22.0 

Populus sieboldii 

J T7f7'> 

34.0 

A. japonica 

2N 7 7 7 

26.7 

Myricaceae 



A. maximowiczii 

5 7 7?\y 7 7 

22.2 

Myrica rubra 

77^7: 

22.2 

A. pendula 

L 7 7 > 7 7"> 

21.0 

M. gale var. tomentosa 

77777 

26.2 

A. firma 

7 > 7 7" > 

25.2 

Juglandacae 7 7 ^ f4 



A. sieboldiana 

4 425'7'>7 7">29.5 

Platycarya strobilacea 

7 7" 

13.2 

Fagaceae 7*744 



Pterocarya rhoifolia 

7 7 77b ^ 

36.5 

Quercus acuta 

7 7 7" > 

26.2 

Juglans ailanthifolia 

7x771/ ^ 

35.5 

Q. glauca 

77 7 7 

22.2 

Betulaceae 7 2 s' 7 7 44 



Q. phyllyraeoides 

7 2 5'7 7"> 

24.2 

Betula platyphylla var. japonica 

7 7 7 2 s ? 

26.2 

Q. mongolica var. grosseserrata 

5 XT'7 

28.7 

B, davurica 

7x7"7 7 72 s ? 

26.2 

Q. serrata 


25.7 

B. globispica 

777 7 725 

32.0 

Q. dentata 

7 >7 

37.0 

B. grosa 

3 7"7 ^ 725' IJ 

22.2 

Q. variabilis 

7 a ?t4 

33.0 

Corylus heterophylla var. thunbergii 2 n > 2 S' ^ 

24.7 

Q. acitissima 

7 77 

38.2 
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^2# 
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Ulmaceae — 7# 



Salicornia europaea 

7 "7 7 v V 7 

24.5 

Aphananthe asapera 

U9 7 X 

28.7 

Suadea asparagoides 

77t 

22.0 

Zelkova serrata 

XXX 

37.0 

Amaranthaceae E.3X4 



Ulmus parvifolia 

7Xx 1/ 

26.5 

Amaranthsus patulus 

XV7XXX h7 

25.0 

Moraceae 9 7 # 



Euxolus virdis 

7X tf3L 

21.0 

Humulus japonicus 

7 ¥ A X 7 

26.0 

Euphorbiaseae h 7 ¥7 XT'# 


H. lupulus var. cordifolius 

7 7^f '7 7 

21.5 

Daphniphyllum macropodum 

xX'J J N 

24.7 

Polygonaceae 9 7'# 



Triadica japonica 

XXX 

41.7 

Rumex acetosella 

E77.7A' 

22.7 

Buxaceae "7 X# 



R. acetosa 

7X A' 

23.5 

Buxas microphilla 

'7 ¥ 

31.5 

R. montanus 

9 7 d'Z. X A' 

20.2 

Compositae X 7 # 



R. congulomeratus 

T 

23.5 

Ambrosia artemisiifolia var. e/alior 

7*9 9 ¥ 

18.2 

R. obutusifolius 

-x.y' V fy^'y 

28.7 

A. trifida 

XXX7 7¥ 

19.0 

R. japonicus 

XvXv 

38.7 

A. psilostachya 

7*9 7XX- KX 

21.5 

R. anderaeanus 

XXX XX X7 

32.7 

Xanthium strumarium 

¥7-7 5 

24.7 

Chenopodiaceae T 7 7X4 



Artemisia japonica 


20.5 

Salsola komarovi 

XT E v X 

24.0 

A. apiacea 

7 7 7 X. 7 V 7 

20.7 

Chenopodium ficifolium 

37*f 

26.0 

A. pedunculosa 

h:J3X¥ 

23.0 

C. album 

ynf 

27.5 

A. sinanensis 


24.0 

C. ambrosioides 

X 7 0 7 '7 7 

21.0 

A. arctica 


20.2 

C. ambrosioides var. 



A. monophylla 

E h 7 A'3XX 

21.5 

antherminticum 

770X707 79 

21.0 

A. princeps 

3 X X 

27.5 

Atriplex subcordata 

^77^f 

23.5 





Long-filament type 


Plant name 

Japanese name 

Diameter 

(pm) 

Plant name 

Japanese name Diameter 
(pm) 

XXX 

Typhacea if~7% 4 



Koeleria cristata 

^ 7 ¥' n 

23.0 

Typha latifolia 

jf'X 

40.5 

Achnatherum pekinensis 

aX 7'X 

28.5 



(tetrad) 

Phalaris arundinacea 

7¥ 3 d 

35.5 

T. orientalis 

3 7"~7 

24.5 

Anthoxanthum pdoratum 

a XX"¥ 

50.0 

T. angustata 

t 7 if *7 

24.5 

Hierochloe alpina 

3 7X7 

34.5 

Scheuchzeriaceae ¥ n A d 

7 7# 


Agropyron ciliare 

7X7 ty XT' 

42.5 

Scheuchzeria palustris 

¥ n A d 7 7 

45.5 

Lolium multiflorum 

XX ^ AX 

37.5 



(dyad) 

L. temuleitum 

K 7 A X 

36.5 

Gramineae d X# 



Bromus remotiflorus 

X 7 X X"¥ 

35.0 

Semiarundinaria fastuosa 

t'J b7 9' ¥ 

47.5 

B. japonicus 

XX'777xEX 

33.5 

Arundinaria vaginata 

a a X 9' ¥ 

42.0 

Dactylis glomerata 

7 -7 7"X 

36.0 

A. chino 

7 ¥-?¥¥¥ 

59.5 

Festuca parvigluma 

h X v if y 

45.5 

Sasa veitchii 


38.5 

Poa pratensis 

XT* a XX 

36.0 

S. kurilensis 

¥ v 7" 0 7 7 

40.5 

Zizania latifolia 

V 3 X 

34.0 

S. nikoensis 

X737ft 

45.0 

Lophatherum gracile 

XX7X 

34.5 

S. tokugawana 

h 7 X" 7 X'-X 

43.0 

Arund donax 

X 77 7 

33.0 

Pseudosasa japonica 

¥ 9'¥ 

44.0 

Eragrostis ferruginea 

7 77 7 

42.0 

Alopecurus pratensis 

ddTsTsA 7 tv ¥7 

37.0 

Eleusine indica 

X X '>A 

37.5 

A. aequalis 

7X7777¥7 

27.0 

Sporobolus elongatus 

XXX 7 X 

32.0 

Phleum alpinum 

^ Xv77X"x 0 

33.5 

Zoysia japonica 

¥a' 

36.0 

Beckmannia syzigachne 

7X'7n XX 

36.0 

Arundinella hirta 

h XyX 

28.5 

Avena fatua 

7 7 X A X 

58.0 

Panicum dichotomiflorum 

XX7XXH' 

38.0 





April 2000 Journal of Japanese Botany Vol. 75 No. 2 119 


Paspalum thunbergii 

7 X 7 7 E .x 

39.5 

C. gifuensis 

7 n tf77 

36.0 

Erichloa villosa 

mi/ u tfx 

60.0 

C. oxandra 

E7 77 

37.5 

Oplismenus unduratifolius 

-77' 4 -tf'tf 

32.5 

C. rouyana 

4-4-7-770 77"' 

40.5 

Eccoilops cotulifer 

7 7"7 7 7^f 

34.5 

C. siderosticta 

7 7" 7 7 7 

34.0 

Imperata cylindurica 

-7 Of 7 

39.5 

C. rhizopoda 

7 7 7 7 7" 

39.0 

Miscanthus sinensis 

774" 

36.5 

C. dispalata 

*477' 

50.0 

Spodiopogon sibiricus 

44777774 

36.5 

C. japonica 

E 3f7 4b 

49.5 

Saccharum arenicola 

7 4r4'2'\'4- 

36.5 

C. doniana 

7 7 7 7"' 

38.1 

Pogonatherum crinitum 

4 7-7 Of-4 

23.5 

Rhynchospora alba 

4 *7 X4X4 

35.0 

Arthraxon hispidus 

3 74 74 

37.5 

Eleocharis kuroguwai 

03770 

51.0 

Sorghum halepense 

4:4 A7tnny 

56.0 

Fimbristylis complanata 

Or 7 7 4" 

34.5 

Andropogon microanthus 

^7777774 

36.5 

Scirpus yagara 

7 4"-4 Of 7 

62.0 

Themeda japonica 

7 0/070/ 7 

42.0 

S. tabernaemontani 

7 ft 

46.5 

Ischaemum crassipes 

4;^6 7 2N'> 

43.5 

S. hondoensis 

4 -77/7 7 JW 

44.5 

I. anthephoroides 

7 0/7 7^ 7 

43.5 

S. preslii 

7/ 7 7/" 7 4 

50.5 

Coix lacryma-jobi 

7 jl 7' 7"v 

69.0 

S. triqueter 

-770/74 

49.0 

Cyperaceae 0/ 7 7 0 7" 7 04 


Cyperus rotundus 

2N-77T"' 

27.2 

Carix kobomugi 

3 74744 

57.0 

Fagaceae 7" 7*14 



C. reinii 

3*774 

39.5 

Fagus crenata 

7"7 

46.2 

C. doenitzii 

377477 

44.0 

F. japonica 

4 7 7" 7 

32.5 

C. podogyna 

77477 

36.0 

Cynocrambaceae 47 b jf -704 


C. middendorffii 

440474 

43.5 

Cynocrambe japonica 

4“7 b 7 * 4 - 

31.2 

C. curvicollis 

i~ )i a xy 

35.2 

Trochodendraceae 47/ ;l/*7f4 


C. aphanolepsis 

4777 

41.5 

Trochodendron aralioides 

4v 771/7 

21.0 

C. nervata 

'>A7 4r 

33.0 

Eupteleaceae 7 4 b7 : '7 7 # 


C. alterniflora 

4* 4- 4 177 

43.0 

Euptelea polyandra 

7 7+b'7 7 

37.7 

C. praestabilis 

7^^777 

40.5 

Cercidiphyllaceae 0/ 7 7 04 


C. colvorum 

h77 J ' 

36.5 

Cercidiphyllum japonicum 

0/7 7 

25.7 

C. fermaldiana 

4 177 

36.5 

Haloragaceae 7 0 7 b 7 7" Ob 04 


C. duvaliana 

777 

40.0 

Haloragis micrantha 

7 0 7 b 7 7"4- 

37.5 

C. nultifolia 

4 -47 47 7 7 7"' 

42.0 

Myriophyllum spicatum 

774" 7 7+)--7 

25.5 

C. oshimanensis 

4'4">v0/ 777" 

42.5 

Plantaginaceae 4" 4~ 2 ^'3/04 



C. conic a 

E 7 0/ y 7 7"' 

42.5 

Plantago japonica 

b 7 4*4- 2 s ?n 

22.5 

C. morruwii 

4/7 7 7"' 

54.5 

P. asiatica 

4* 4 - 2 ^ 32 

22.7 

C. lasiolepsis 

7Xv77 

39.5 

P. hakusanensis 

2N74'74'4'2 s i'7 

28.0 

C. boottiana 

t7"'7 7"' 

44.0 

P. lanceolata 

A7 4-4-A7 

26.0 

C. grallatoria 

kl -47 7"' 

40.7 
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Longitudinal diameters of pollen 

Fig. 1. Frequency of longitudinal diameter of anemophilous pollen, a: 
Total anemophilous species, b: Explosive type, c: Strong-wind type, 
d: Long-filament type. 


















April 2000 


Journal of Japanese Botany Vol. 75 No. 2 


121 


TOii 15.3 ± 3.4 pm, ^M(i7 70b A 0 
13.2 pm frhTsX* y-V 1 ; 0 3.0 pm 0 Pb e K2& 
1} TOi± 26.4 ±6.0 pm, t tzjkjt&MH' 3 ?'? 
7")I/70 21.0 pm ^ b v O. X fvo 69.0 pm 
0IB112&D, ¥#Jfi 39.0 ± 9.0 pm 7'&ofc 
(Table 2). 2(93lOftSOllO7X h X 

4^(7) hi ^ h 7 " 7 00 3 007-7 0—ofo 
WJSLTvHc (Fig. lb~d). 7*l£>3tStfij 
10 T f '— 7 7 & t (2 57175717 (7 t > 0 jb 
1973) £7 7 31*1—^012^1“ 

( P < o.ooi). 

£i3, 

l^f*^7S'770 3.7 (am 

V70 6.5 pm 7 777"7 

125 pm 7>7 l^f"Ty 3 7 770 122.5 jam X 

£>&. £ b (2#ljj#{£): LT7 >f70^f7M 

6 it&tltf, 7 7 7 0 7 7 0103500 pm #41 

7 7 7 o T 0 &. 

7 “777 (1967) ^i : 04 , ‘C?lffltT 
0&7°-;b0T~77il7)i • ^ (1981) 0 
ati$8‘07Cc ; $ 7 7 (ilE 


0ffiM#'^) 0 , 7E$H±/J' $ Wi 

1-*7 7£*l&LT0£. 

^ ^ & ft 0 & 0 IS^ ^ ^ , 

Crean (1986 (tJC& 1992 12 J: £)) (2<£tU£, 

l-tv^ < ^0it^iH0^i: 
0 $ 0, |Ef7:#'i'Jitt i2 j; ot TuJft b 57rit L 
te^.07 fi0(5 74fV»bfiWmL^ 
< $17 (2CTJ /i 7 0 o . 7 0 L 7 7 fr b 

Whitehead (1969) 

tl0?7l7fi^f± 20 jam ^ h 40 pm 0P B 1(2& 

S. . 

ff, &IIt2?$J5L£tU2 < <, 
tt&LXL i7 0t, 707:^$12^^#< 
0fibO”^^, Proctor and Yeo (1973) ii 
“10 pm /bb 25 pm 0 BJ&2 & h ” 7 b (WJ D® 
t0Sfi«:^tv^. 7 7tMt Ltzm 
}i07-7(i, ^7^0^bOTXLa® 
7 t%£l L 7" V -k 0 7 7 x'J- 7$t 

77MPOfO70iI^{[l7^ 0 (Hill 1956), tz 
tz 7> I2i0lf lb 0i7f® 7 Jtt^7 £ & 0tf ? , 
)IUlSIH0W^l{±«IE07^^2j:bL^V> 
fEHl2fc$£oT0fc. 

»mmit t wi t0i#ii, « 
%0£jSlfcS;7jiutil7 &#Jt(2Ati& 7, 


Table 2. Frequency of longitudinal diameter of anemophilous an- 
giosperm pollen 


Diameter 

Explosive 

Strong-wind Long-filament 

Total 

,£*=+ 

O H 1 

mi 

type 

Type 

type 

(pm) 

n%m 

?MS 


10-14.9 

14 

1 


15 

15-19.9 

8 

2 


10 

20-24.9 

2 

33 

7 

42 

25-29.9 

1 

21 

8 

30 

30-34.9 


5 

14 

19 

35-39.9 


6 

32 

38 

40-44.9 


3 

23 

26 

45-49.9 



8 

8 

50-54.9 



5 

5 

55-59.9 



4 

4 

60-64.9 



2 

2 

65-69.9 



1 

1 

Total sp. 

25 

71 

104 

200 

Minimum (pm) 

11.0 

13.2 

21.0 

11.0 

Maximum (pm) 

25.7 

43.0 

69.0 

69.0 

Mean (pm) 

15.3 ± 3.4 

26.4 ± 6.0 

39.0 ± 9.0 

31.5 ± 11.3 
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